the viable cell concentration decreased below the detection limit (1.0 10 2 cells/ml) at 4 h. Further, by the addition of bacteriocin solutions from C102901, C101910, and NBRC 12007 to the medium at a volume ratio of 1% (v/v), the growth of L. hilgardii NBRC 15886 T and H130 (closely related to L.
Introduction
In the food industry, contamination by spoilage microorganisms results in severe safety and economic problems.
In the sake-brewing process, spoilaging phenomena caused by several Lactobacillus species, so-called hiochi bacteria, seriously deteriorate the quality of sake, such as lowering the pH, increasing turbidity, and producing offflavors [1, 2] . Sake with an ethanol concentration greater than 15% tends to be more resistant to spoilage by microorganisms during storage and aging, but alcoholophilic and alcohol-tolerant hiochi bacteria can grow in such an alcoholic environment and consequently spoil sake. To prevent spoilage by an outbreak of hiochi bacteria in the sake-making process, pasteurization has been carried out at a low temperature (about 65 ) for a short time (2-3 min) or a microfiltration device has been used to remove hiochi bacteria; however, due to incomplete inactivation and insufficient removal of hiochi bacteria, they frequently deteriorate the quality of sake, especially non-pasteurized (fresh) sake, during storage and distribution.
Bacteriocins produced by lactic acid bacteria (LAB), which are generally recognized as safe, are of increasing interest because of their antimicrobial spectra with feasible application to foods such as meat and dairy products, fruits, vegetables, cereals, and beverages [3] [4] [5] . Since bacteriocins are generally heat-stable, the combination use of bacteriocins with heat treatment is expected to facilitate the complete inactivation of hiochi bacteria and reduce the cost of the heating operation [6, 7] ; however, since the use of bacteriocins as food additives demands an exhaustive evaluation of their toxicological effects before legal acceptance, bacteriocins are not extensively used in the food industry. Nisin A produced by Lactococcus lactis subsp.
lactis, is the only bacteriocin commercially exploited to date, because its use as a biopreservative has been widely investigated in a large variety of fresh and processed foods Production of Bacteriocins by Several Lactic Acid Bacteria and Their Application to Growth Inhibition of Spoilage Bacteria Related to Hiochi Yohei ISHIYAMA 1 We investigated the antimicrobial activity of several bacteriocins, which were produced by newly isolated lactic acid bacteria in koji extract medium supplemented with rice protein hydrolyzate (RPH), against strains of NBRC type culture and spoilage bacteria isolated from deteriorated sake. The partial sequences of the 16S rRNA gene of the spoilage bacteria isolated from sake showed a high similarity to those of Lactobacillus fructivorans, Lactobacillus hilgardii, and Lactobacillus paracasei, with 99.6-100% identity. Enterococcus durans C102901 (C102901), Lactococcus lactis subsp. lactis C101910 (C101910), and Lactococcus lactis subsp. lactis NBRC 12007 (NBRC 12007) grew well and produced bacteriocins with high activity in koji extract medium supplemented with RPH. When culture supernatants containing bacteriocins from C101910 and NBRC 12007 were added to the medium at a volume ratio of 10% (v/v), the growth of L. fructivorans NBRC 13954
T was significantly inhibited and [8, 9] . To be approved for use as a food preservative, many isolated bacteriocins (pediocin, lacticin, enterocin, etc.)
other than nisin A should be fully characterized.
The inhibitory effect of commercially pure nisin A on the growth of hiochi bacteria was confirmed by Kanatani et al. [1] . They showed the sensitivity of hiochi bacteria to nisin A using the agar diffusion method. We previously isolated a novel bacteriocin-producing bacterium, Staphylococcus sp. NPSI 38 (NPSI 38: referred as Pediococcus sp.
NPIB-38 in the ref.), from rice koji [10] . We found that the bacteriocin showed antimicrobial activity against selected strains of hiochi bacteria (Lactobacillus fructivorans, Lactobacillus hilgardii, etc.). We also reported that NPSI 38 produced bacteriocin in koji extract medium supplemented with rice protein hydrolyzate (RPH) and that the culture supernatant containing the bacteriocin was found to be effective for inhibiting the growth of L. hilgardii, a representative hiochi bacterium [11] . To exploit novel bacteriocins with inhibitory activity against hiochi bacteria, further investigations are necessary for not only the production of bacteriocin by newly isolated LAB but also the inhibitory effects of bacteriocins formed on the growth of hiochi bacteria.
In this study, we isolated spoilage bacteria from sake breweries in Niigata Prefecture and compared the similarity of partial sequences of the 16S rRNA gene (16S rDNA) with related strains using a database. We also investigated bacteriocin production by several newly isolated LAB using koji extract medium supplemented with RPH. Further, to evaluate the antimicrobial activity of bacteriocins against spoilage bacteria, we examined the inhibitory effects of bacteriocin solutions produced on the growth of spoilage bacteria containing strains isolated from putrid sake.
Materials and Methods

Media and microorganisms
SI medium (commercial medium for detecting hiochi bacteria [12] , Brewing Society of Japan, Tokyo) with 10% ethanol (pH 5.0) was used to isolate putrid bacteria from sake spoiled in Niigata Prefecture. MRS medium [13] Eighty-eight strains of bacteria were isolated from turbid sake spoiled during storage. Of the isolated bacteria, four strains (H28, H82, H119 and H130) listed in Table 3 were also used as indicator microorganisms. 
Determination of antimicrobial activity
Antimicrobial activity was determined by the agar diffusion method using a stainless cup according to the procedure reported previously [11] . The agar concentration of each medium was adjusted to 1%. The supernatant preAntimicrobial Activity of Bacteriocin against Hiochi Bacteria 279 pared by centrifugation (at 15,500 rpm for 10 min) of culture broth obtained after cultivation of bacteriocin-producing LAB was analyzed for antimicrobial activity. In the cultivation to prepare the supernatant, MRS medium was used for NPSI 240, L28-1, and NBRC 12007, and a corresponding suitable medium described previously [15, 16] was used for C102901 and C101910. Antimicrobial activity was determined by measuring the diameter of the growth-inhibitory zone around the cup after incubation.
One unit of antimicrobial activity was defined as the amount of bacteriocin which showed a growth-inhibitory zone diameter equal to that obtained by 1 ng of pure commercial nisin A (Sigma Chemical Co., St. Louis, USA) standard solution as reported previously [11] .
Bacteriocin production
Bacteriocin production was carried out in a medium bottle using MRS medium, 10% (v/v) koji extract medium, and 10% (v/v) koji extract medium supplemented with RPH. The koji extract solution and RPH (Shimada Kagaku, Nagaoka) were prepared as described previously [11] . Bacteriocin-producing LAB were stationarily cultivated at 30 for 48 h at an initial turbidity of 0.1-0.2 at 660 nm (T 660 0.1-0.2).
Growth-inhibitory activity of bacteriocin solution
Three NBRC-type strains and the isolated spoilage bac- 
Other analytical methods
Cell concentration was determined by measuring T 660 .
The number of viable cells was counted by the plate culture method using SI, MRS, or modified MRS agar medium containing 10 g/l glucose. Viable cell concentration was expressed as colony-forming units per milliliter (CFU/ml). Protein concentration was determined by the method of Lowry et al. [18] using bovine serum albumin as a standard. The supernatant obtained by centrifugation (15,500 rpm, 10 min) of culture broth was analyzed for total soluble sugar, glucose, and lactic acid concentrations.
The concentrations of total soluble sugar, glucose, and lactic acid were measured as described previously [19, 20] .
Results
Isolation and 16S rDNA sequencing of spoilage bacteria
Eighty-eight spoilage bacteria were isolated from a large number of deteriorated sake using SI medium with 10%
ethanol. The partial 16S rDNAs of spoilage bacteria were sequenced and analyzed. Table 2 shows the similarity of partial 16S rDNA sequences between 88 strains of spoilage 
Antibacterial spectrum
Preliminary experiments showed that five strains of LAB were potential bacteriocin producers (data not shown). Each culture supernatant of the five strains was prepared and used to measure antimicrobial activity against indicator microorganisms (three NBRC type strains and four typical strains isolated from spoiled sake:
H28, H82, H119, and H130). On the basis of data on the partial sequence of 16S rDNA described above, H82 and H119 belonged to Group 1a and 1b, respectively and H28
and H130 belonged to Group 2 and Group 3, respectively, as shown in Table 2 . 
Bacteriocin production by selected LAB using koji extract medium
We previously exploited the procedure for bacteriocin production using koji extract medium supplemented with RPH as an alternative to natural ingredients (polypeptone, meat extract, and yeast extract) in MRS medium, which can not be lawfully used in the sake-producing process.
We attempted bacteriocin production using five selected strains with koji extract medium supplemented with RPH. Figures 1 and 2 show the results of bacteriocin production teriocin produced by L28-1 are much lower than those (about 1.5 10 3 U/ml) using MRS medium, in spite of the good growth, as shown in Fig. 2A ; however, the cells of C102901, C101910, and NBRC 12007 grew almost identically to those using MRS medium and consequently they produced bacteriocin at a high concentration. Table 4 shows a comparison of bacteriocin production by LAB using different media. The concentration of bacteriocin was significantly dependent upon the kind of medium tested and the strain of LAB used as a bacteriocin producer. When koji extract medium supplemented with RPH Yohei ISHIYAMA, Takeomi TAKATA, Toshihiro NAKANISHI, Mitsuoki KANEOKE, Ken-ichi WATANABE, Fujitoshi YANAGIDA, Yi-sheng CHEN, Tomoaki KOUYA, Takaaki TANAKA and Masayuki TANIGUCHI   284 was used, NPSI 240 and L28-1 produced little or no bacteriocin but C102901, C101910, and NBRC 12007 produced bacteriocin at a concentration higher than 1.8 10 3 U/ml.
The values for C102901 and C101910 were almost as high as the concentrations in the cultivation using MRS medium, although the concentration of bacteriocin by NBRC 12007 decreased to about one-fourth of that using MRS medium. In our previous study, we reported that the concentration of bacteriocin by NPSI 38 in koji extract medium supplemented with RPH was 6.8 10 U/ml. Using newly isolated LAB (C102901 and C101910) as bacteriocin producers, bacteriocins showing antimicrobial activity more than 25-fold that produced by NPSI 38 could be obtained.
Inhibitory effect of bacteriocins on growth of hiochi bacteria
The growth-inhibitory effect was examined using a bacteriocin solution prepared by cultivating bacteriocin-producing LAB (C102901, C101910, and NBRC 12007) in koji extract medium with RPH. Table 3 (data not shown), respectively, even when bacteriocin solutions were added to medium at a volume ratio of 10% (v/v).
Discussion
The partial 16S rDNA sequences of the most dominant spoilage bacteria isolated from deteriorated sake using SI medium with 10% ethanol showed the highest similarity to [2] ; however, to our knowledge, few statistical studies on the emerging frequency of species of hiochi bacteria in spoiled sake have been reported [22] . In this study, we could estimate that the major species of Lactobacillus causing hiochi in Niigata Prefecture were L. fructivorans, L.
paracasei, and L. hilgardii.
To prevent hiochi from occurring in the sake-brewing industr y, novel bacteriocins with antimicrobial activity against the strains of Lactobacillus described above have to be exploited. Therefore, we focused our attention on the application of bacteriocins produced by newly isolated LAB to growth inhibition against bacteria related to hiochi. Thus, we found that the bacteriocin (durancin L28-1A) produced by L28-1 is 3.4 kDa in molecular size and is a new natural enterocin variant [14] . We also reported that the bacteriocin from C102901 was found to be different from durancin L28-1 in terms of molecular size and N-terminal amino acid and that C102901 can produce the bacteriocin in a poor nutrient medium [15] . Further, we found that C101910 can produce nisin Z in a simple medium at a low temperature, although nisin Z itself is a wellknown bacteriocin [16] . Recently, considering the application of bacteriocin to the sake-brewing process, we reported bacteriocin production by newly isolated NPSI 38 using koji extract medium supplemented with RPH [11] .
Bacteriocin production by newly isolated LAB using koji reports [15, 16] , showing that C102901 and C101910 were isolated from the rhizosphere of trees and lake water, respectively, and could grow in simple medium with poor nutritional constituents, as described above. Consequently, we successfully produced three kinds of bacteriocin from C102901, C101910, and NBRC 12007 using medium which can be legally used in the sake-brewing process.
In experiments on the evaluation of growth-inhibitory interesting but still unclear [9, 26] . We previously reported that the bacteriocin produced by NPSI 38 showed bacteriostatic activity against L. hilgardii NBRC 15886 T [11] .
In this study, we could obtain bacteriocins with a mode of action different from the bacteriocin from NPSI 38. We expect a synergistically inhibitory effect of bacteriocins with different modes of action on the growth of bacteria related to hiochi. The investigation of synergistic antimicrobial activity is considered to be an interesting subject of our future research. In addition, in this study, the bacteriocins tested exhibited no inhibitory effect on the growth of other spoilage bacteria (H82 and H119 closely related to L. fructivorans) listed in Table 3 (data not shown); that is, the antimicrobial action of the some bacteriocins was confirmed to be not species-specific but strain-specific, as reported previously [10, 27, 28] ; therefore, from the viewpoint of practical utilization, it is necessary to clarify the minimum bacteriocin concentration required to exhibit complete growth inhibition in liquid medium against each spoilage bacterium. We are now focusing on investigating the inhibitory effect of the initial concentration of bacteriocin on the growth of putrid bacteria listed in Table 3 and the application of bacteriocins from C102901, C101910, and NBRC 12007 in the seed mash-making stage (Moto)
in the sake-brewing process.
